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Lectin stimulation of human T lymphocytes causes a 7-fold increase in the specific activities of GTP-cyclohydrolase and 
a 4-fold increase in the specific activities of sepiapterin reductase. GTP-cyclohydrolase activities are maximal after 48 
h and subsequently decline, whereas epiapterin reductase activities continue to increase during the 72 h period measured. 
The specific activities of 6-pyruvoyltetrahydropterin synthase remain unchanged upon stimulation. Tetrahydrobiopterin 
synthesis during blast transformation is thus directed by both GTP-cyclohydrolase and sepiapterin reductase. 
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1. INTRODUCTION 
The activation of both murine and human T lym- 
phocytes was shown to be associated with the pro- 
duction of pteridines [I ,2]. Their cellular levels 
show a gradual increase followed by a rapid drop 
to initial values prior to the onset of the main 
period of DNA synthesis. Ziegler and co-workers 
have shown that BH4 modulates various aspects of 
IL-2-directed T cell proliferation (for review see 
[3]). BH4 was found to accelerate the IL-2 induced 
S phase entry of the primed T cells [4]. Ligand 
binding data, ligand dissociation kinetics and the 
internalization time course of the growth factor [5] 
indicate that this pterin modulates the formation of 
high-affinity receptor complexes. It has been 
shown that the effect of BI-& in IL-2 signal trans- 
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mission depends critically on the ratio of concen- 
trations of IL-2 and of the pterin [6]. 
The time course of pterin levels during T cell ac- 
tivation [1,2] suggests a subtle control of the bio- 
synthetic pathway. The formation of BH4 (fig. 1) is 
catalyzed by the sequential action of GTP-CH (EC 
3.5.4.16), PPH4 synthase, and SR (EC 1.1.1.153). 
The involvement of an additional reductase has 
been proposed [7]. Only scattered data on the 
regulation of BH4 synthesizing enzymes in T cells 
are available so far. GTP-CH activities were found 
to be increased 3 [8] and 5 [9] days after lectin 
stimulation whereas the activity levels of SR and of 
PPH4 synthase were found not to be affected by 
lectin stimulation [8]. In this study the activities of 
three enzymes involved in the biosynthetic pathway 
of BH4 during lectin stimulation of monocyte- 
depleted human T cells were determined at close in- 
tervals .
2. MATERIALS AND METHODS 
2.1. Stimulation of the monocyte-depleted lymphocyte fraction 
PBMC were isolated from heparin anticoagulated blood by 
Ficoll-Hypaque density gradient centrifugation [lo]. They were 
depleted from monocytes by incubation in RPM1 medium sup- 
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Fig. 1. Biosynthesis of tetrahydrobiopterin (BH4). NHzTP, dihydroneopterin 3 ‘&phosphate; PPH4, 6-pyruvoyltetrahydropterin. 
(1) GTP-cyclohydrolase; (2) 6-pyruvoyltetrahydropterin synthase; (3) sepiapterin reductase. 
plemented with 10% heat-inactivated fetal calf serum (Gibco) in 
the presence of carbonyl-iron (40 mg . ml-‘, Sigma) for 30 min 
at 37°C. Subsequently, the phagocytic ells were removed by a 
magnet [ll]. The non-phagocytic ells were washed once with 
the culture medium. The fraction of residual monocytes was 
determined by indirect immunofluorescence using the monocyte 
specific (CD 14) monoclonal antibody anti-LeuM3 (Becton- 
Dickinson) and fluorescein isothiocyanate conjugated rabbit 
anti-mouse immunoglobulin (Dakopatts). Monocyte-depleted 
cells were cultured as described in [2] and were stimulated with 
9.5 ,ug. ml-’ PHA (Wellcome) for the indicated periods. 
2.2. Preparation of enzyme xtracts 
Cells (l-3 x 107) were homogenized in 600 pl of 50 mM phos- 
phate buffer (pH 7.5) and centrifuged (12000 x g, 5 min). The 
supernatant was passed through a NAP-5 Sephadex G-25 col- 
umn (1 x 2.8 cm, Pharmacia-LKB) equilibrated with the 
homogenization buffer. The protein fraction (1 ml) was concen- 
trated 5-&fold (Centricon 10, Amicon) to a final protein con- 
centration > 2 mg . ml-‘. The extracts could be stored at - 70°C 
for at least 2 weeks without significant loss of enzymatic ac- 
tivity. 
2.3. Enzyme assays 
All enzyme activities were determined in 50 mM phosphate 
buffer, pH 7.5, at 37°C. The assay for GTP-CH contained 
0.5 mM GTP (Boehringer Mannheim) and protein in a total 
volume of 40 cl. The reaction mixture was incubated for 3 hand 
the reaction products were oxidized by acidic iodine [l 11. The 
neopterin phosphates were separated by ion-pair HPLC and 
monitored by fluorometric detection [ 131. 
PPH4 synthase was measured by the release of tritiated water 
from [2’-‘H]NHzTP. Preparation of the tritium labelled sub- 
strate and experimental details have been described in [14]. The 
assay mixture contained 0.44pM [2’-3H]NHzTP (spec. act. 
12.6 GBq.mmol-‘), 8 mM MgCl2, and protein in a total 
volume of 42~1. PPH4 synthase was determined at non- 
saturating substrate concentration and is therefore expressed in 
relative units. 
The assay for SR contained 40pM sepiapterin, 100/M 
NADPH, and protein in a total volume of 100 ~1. The reaction 
product, dihydrobiopterin, was determined after acidic iodine 
oxidation by C-18 reversed-phase HPLC and fluorometric 
detection as described previously [ 11. 
Protein was determined by the Coomassie Blue dye assay 
(Biorad) with bovine serum albumin as standard. 
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Fig.2. Specific activities of GTP-cyclohydrolase, 6-pyruvoyl- 
tetrahydropterin synthase and sepiapterin reductase in human T 
cells during stimulation with phytohemagglutinin. PPH4 syn- 
thase activity is shown in relative units (pmol tritiated water 
released per min per mg protein at non-saturating substrate con- 
ditions). Values correspond to 2-3 pmol per min per mg protein 
at saturation conditions using the KM of 10 ,uM reported for the 
enzyme from human liver [7] for calculation. Means of five 
(GTP-CH, SR) or three (PPH4 synthase) independent ex- 
periments are given ( f SD). 
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3. RESULTS 
The lymphocytes which had been enriched from 
isolated human PBMC contained ~2% mono- 
cytes. Most of these residual monocytes became 
adherent upon stimulation; immunofluorescence 
staining proved that the cells which were harvested 
after 24-72 h contained less than 0.5 % monocytes . 
The activity of GTP-CH is 10 times higher in 
monocytes than in lymphocytes [8]. Thus, the few 
remaining monocytes could at best contribute 5% 
of the GTP-CH activity found in the cell extracts. 
The specific activity of GTP-CH increases to 
about 7-fold levels during the activation period. 
Maximum specific activity is reached after 48 h, 
and is followed by a marked decline (fig.2). The 
gradually increasing activity of SR keeps rising 
after GTP-CH has passed its maximum and attains 
fourfold levels after 72 h. The activity of PPH, 
synthase remains unchanged or is even slightly 
reduced after lectin activation of the cells. The use 
of labelled substrate at its highest specific activity 
resulted in maximum sensitivity of the assay and 
ensured that changes during the activation period 
would have been detected reliably. During blast 
transformation of T cells cellular protein grows 
from 63 pg at to to 141 pg (24 h), 345 pg (48 h) and 
554 pg (72 h) per 10’ cells. Thus, on a per cell basis 
the activity of PPH4 synthase only grows in the 
proportion of increasing blastic protein whereas 
the maximum cellular activities of both GTP-CH 
and SR rise to about 30-fold levels. 
4. DISCUSSION 
It has been shown earlier that lectin stimulation 
of T cells is accompanied by gradually increasing 
production of BI& [ 1,2]. In line with these data we 
found that the activities of the first and the last en- 
zyme of the BH4 biosynthetic pathway are substan- 
tially increased by lectin stimulation. No cor- 
responding increase Was observed for PPH4 syn- 
thase activity. 
The time courses of GTP-CH and SR satisfac- 
torily explain the sequence of cellular pterin levels 
during the activation period [2]. The time course of 
activation for these enzymes is different. The in- 
crease in GTP-CH activity during the first 42 h 
after stimulation of the T cells rapidly initiates the 
biopterin synthesis pathway. The delayed increase 
in SR activity appears to coordinate BH4 produc- 
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tion with the beginning of IL-2 driven DNA syn- 
thesis [ 1,2]. At this later period optimum BH4 con- 
centrations are required for the modulator effect of 
this pterin on IL-2 signal transmission [6]. The 
regulatory role of SR in stimulated T cells has 
probably been underestimated, so far [S]. The 
shutdown of the biopterin synthesizing system 
after 72 h [2] only appears to be due to a decrease 
in GTP-CH activity. 
The observed increase in GTP-CH activity can- 
not be explained by enzyme activation via increas- 
ed substrate concentrations in the activated T cells 
[8] since the enzyme assay was performed under 
conditions of substrate saturation. Further ex- 
periments will have to show whether the up- 
regulation of GTP-CH and SR is controlled at the 
level of transcription or translation, or by post- 
translational events such as enzyme phosphoryla- 
tion. 
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